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Abstract 
We describe our experience with a patient in whom a traumatic right diaphragmatic hernia de-
veloped 4 years after sustaining injury and review cases of delayed diaphragmatic injury reported in 
Japan. The patient was a 28-year-old man who sustained a severe contusion of the right epigastric 
region and fractured a right rib in a tra伍caccident in September 1992. In August 1996, the patient 
presented with shortness of breath on effort or after meals. A chest roentgenogram revealed in-
testinal gas in the right side of the thoracic cavity. A right diaphragmatic hernia was diagnosed on 
the basis of a gastrointestinal series, and the patient was operated on. The hernial orifice extended 
anteriorly from the central tendon in an 11 :00 direction and measured 11×6 cm. The small in-
testine, right side of the colon, and liver were herniated. A total of 297 cases of blunt traumatic dia-
phragmatic hernia were reported in Japan between 1981and1996, including 47 cases (left side, 32 
cases; right side, 15 cases) of delayed diaphragmatic hernia, defined as occurring one month or more 
after injury. Diaphragmatic hernia should be considered as a possible diagnosis in patients with ab-
normal shadows in the thoracic region who have recently sustained injury or who have a past history 
of injury. 
Introduction 
Diaphragmatic 叩町isoften caused by blunt injury sustained during traffic or occ叩 ationalac-
cidents. The incidence ofleft diaphragmatic hernia is lower than that of right diaphragmatic hernia 
and the majority of cases are caused by injury. Rarely, however, diaphragmatic injury may occur 
some time after sustaining injury. In this report we describe our experience with a patient who pre-
sented with shortness of breath on effort 4 years after sustaining injury and was found to have a dia-
phragmatic hernia. In this Rψort, we discussed the mechanisms of a delayed diaphragmatic hernia and reviewed 
the similar cases reported in the literature. 
Present address: Department of Surgerγofjuntendo University, Izunagaoka Hospital 1129 Nagaoka, Izunagaoka-
cho, Tagata-gun, Shizuoka 410-2211 Japan 
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Case Report 
The patient was a 28-year-old man who complained of shortness of breath on effort. In 1992 
the patients sustained a severe contusion of the right side of the epigastric region in a tra伍caccid-
ent. He was admitted to a certain hostpital and was treated for a right rib fracture, right femur frac-
ture, and right ulnar fracture. 
Shortness of breath on effort or after meals appeared from May 1996. Symptoms gradually 
worsened, and the patient was examined at the deparment of Surgery of our hospital on August 26, 
1996. A plain chest roentgenogram revealed evidence suggesting a right diaphragmatic hernia, and 
the patient was admitted. 
On admission the patient was 164 cm tal and weighted 62 kg. The blood pressure was 130/80 
mmHg; the pulse rate was 78/min and re思ilar. The respiratory rate was 18 breaths/min. There 
was no evidence of anemia on examination of the palpebral co町unctivaeor sclera. Ausculatation of 
the chest revealed weak respiratory sounds at the right lower field of the lung as well as intestinal 
noise. There was no tenderness or muscle guarding of the abdomen. 
On admission, a plain chest roentgenogram showed an overall whitish hue of a right middle and 
lower fields of the lung, associated with evidence of gas accumulation. There was no deviation of the 
cardiac shadow. The right diaphragmatic angle was indistinct (Fig. 1). An upper gastrointestinal 
series disclosed herniation of the m司orportion of the small intestine into the right side of the thoracic 
Fig. 1 Findings on plain chest X ray film: The right middle and lower lung fields where whitish overall and con-
tained evidence of gas. 
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cavity (Fig. 2）・ Onbarium enema examination, the right side of the colon extending from the 
cecum to the hepatic flexure had herniated into the right side of the thoracic cavity (Fig. 3). 
A computed tomographic scan of the chest showed in the right side of the thoracic cavity a hetero-
genous shadow associated with gas extending from the perioteneal cavity. A homogenous, fan-like 
high density area was seen at the right side of the thoracic aorta in the thoracic cavity. This was the 
gastrointestinal tract herniated into the thoracic cavity and the right lobe of the liver (Fig. 4). 
Laparotomy was performed via a subcostal incision in the epigastric region. The dia-
phragmatic rupture was located in the 11 :00 directioin, anteriorly from the central tendon of the 
right diaphragm. A rupture running parallel to the muscle fibers and measuring 11×6 cm was seen 
(Fig. 5). The small intestine, right colon, and atrophied right lobe of the liver had herniated from 
the rupture into the thoracic cavity. The herniated intestine and liver showed minimal adhesion 
with the surrounding tissue. After redressment, the diaphragmatic rupture was directly closed with 
knotted sutures. In addition, the right colon was fixed to the retroperitoneum and redressed. 
Postoperatively, the patient complained of abdominal fullness but was discharged from the hospital 
on day 28. 
Fig. 2 Findings on upper gastrointestinal series: Most of the small intestine and the right side of the colon protruded 
into the right side of the thoracic cavity. 
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Discussion 
Recent increases in traffic and occupational accidents have led to an increased incidence of pure-
ly traumatic diaphragmatic hernias. In 1981 Kasahara et al.1l reported that among 420 patients 
with diaphragmatic hernia, there were 245 cases of diaphragmatic hernia caused qy trauma in 
Japan. In this report we com plied cases of traumatic diaphragmatic hernia reported in Japan bet-
ween 1981 and 1996, w仙 interestedsof number of cases, sea.uses, site of hernia and ter加 ψer吋・uワ・
There were a total of 193 males (mean age, 45.1 years) and 53 females (mean age, 44.0 years), 
with a distinct preponderance in males. Most cases occurred in persons who were socially active 
(Table 1). 
When classified according to cause 80.8% of cases were caused by tra伍cinjuries, 9.6% by 
fals,s 6.1% by crush I吋uries,and 3.5% by contusions. Up to 1981, 36.4% of cases were caused by 
accidents, but recently there has been a trend toward an increased number of cases due to tra侃cac-
cidents (Table 2). 
A total of 179 cases (74.6%) of diaphragmatic hernia occurred on the left side and 60 cases 
(25.0%) on the right. Most cases thus occurred on the left side (Table 3）・Childresset al. 2l attri-
Fig. 3 Findings on barium enema: The right side of the colon protruded into the right side of the thoracic cavity. 
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buted the low incidence of hernia on the right side to the fact that the right diaphragm is protected by 
the !j,・er: increased intraperitoneal pressure produced by abdominal trauma is buffered by the liver 
and right kidney. Lucido et al.3> reported that during embryonic development the posterolateral 
part of the diaphragm undergoes tissue fusion and is therefore more fragile than the right side, in-
Fig. 4 Findings on abdominal computed tomographic scan. A irregular shadow associated with gas was seen at the 
right side of the thoracic cavity. In addition, a uniform, fan-like high-density area was seen at the right side of 
the thoracic aorta 
Fig. 5 lntraopera町epho何回ph:A tear, measuring 1×6 cm, was lo凶 edanterio向 fromthe center of the咋htdi-
aphragmatic ligament. The small intestine, right side of the colon, and right lobe of the liver prolapsed 
through the hernial orifice 
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creasing susceptibility to the effects of injury. 
Several mechanisms have been proposed for the occurrence of the tears of the diaphragmatic her-
nia. Yoshimura et al.-11 reported that dynamically and morphologically the diaphragm is divided 
into two rings covered by a left and a right membrane. Important factors leading to herniation there-
fore include the direction and site of external stress as well as anatomic considerations responsible for 
the fragility of the diaphragm. In other words, the diaphragm is ruptured around the tendon along 
Table 1 
Cases of diaphragmatic hernia caused by 
blunt inju町 inJapan (1981-1996 years) 
No of patients Mean age 
Men 193 54.1 
Women 53 44.0 
Unknown (51) 
Table 2 
Causes of injury in blunt trauma 
No of patients % 
Traffic injuries 160 80.8 
Falls 19 9.6 
Crush injuries 12 6.1 
Contusions 7 3.5 
Unknown (99) 
Table 3 
Side of diaphragm injured by blunt trauma 
Side No of patients % 
Left 179 74.6 




the muscle and tendon fibers in a direction parallel to that of the external force. Tsukioka et aJ.5) re-
ported that exposure to external trauma results in an internal force to resist such trauma, which leads 
to rupture of the diaphragm and severing of tissue. However, Sadamitsu6) and other investigators7』）
have described patients in whom the muscle fibers of the diaphragm were ruptured at the sternal part 
of the diaphgram or at the attachment of the retroperitoneum rather than at the middle of the tend-
on. When the diaphragm is exposed to trauma from a oblique direction, not only is the thorax 
distorted or stressed by the external force from a lateral or anteroposterio:r direction, but also the com-
ponents of the thorax, including the ribs, diaphragm, and muscle of the abdominal wall, are sprain-
ed. The force is transmitted along the ribs primarily around the diaphragmatic arch. The muscle 
fibers at the attachment of the diaphragm are lacerated. This is also considered one mechanism of di-
aphragmatic hernia. 
In Japan epidemiologic studies of diaphragmatic hernia caused by trauma have been performed 
by Kasahara et al.1), Sadamitsu et al.6), and Yoneyama et al.9l. To our knowledge, there have been 
Table 4 
Sex and mean age of patients with delayed 
diaphragmatic hernia (1981～1996 years) 
No of patients Mean age 
Left side 32 48.6 
Men 24 
Women 8 




Incidence of prolapsed organs in delayed 
diaphragmatic hernia 
Viscera 
Left (32 pts) Right (15 pts) 
No of patients No of patients 
Stomach 22 68.8% 6.7% 
Duodenum 6.7% 
Small intestine 10 31.3% 7 46.7% 
Colon 18 56.3% 6 40.0% 
Spleen 7 21.9% 
Liver 2 6.3% 11 73.3% 
Gall bladder 4 26.7% 
Greater omentum 13 40.6% 2 13.3% 
(Including 2 ormore prolapsed。rgans)
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no reports describing cases of delayed diaphragmatic hernia. We consider the acute stage of dia-
phragmatic hernia to be within 1 month after injury. Since 1981, 4 7 cases of diaphragmatic hernia 
occurring more than 1 month after injury, including ours, have been reported. Thirty-two cases oc-
curred on the left side and 15 on the right. The mean age of patients with a delayed hernia on the 
left side was 48.6 years, and that of patients with a delayed hernia on the right side was 47 .6 years; 
the ages of the patients were similar (Table 4). The most frequently prolapsed organs were the 
stomach, colon, and omentum on the left side; prolapse of the spleen was relatively rare1・7・9l. On the 
right side, prolapse involved the liver in 73.3% of cases, followed by the small intestine and colon 
(Table 5). When the time until the onset of delayed diaphragmatic hernia and the prolapsed organs 
were analyzed according to the side, on the left side the longest period after injury was 43 years10l 
(mean, 12.1 years) and on the right side the longest period was 10 years11l (mean, 2.5 years) (Table 
6). The time required for development on the right side was shorter than that on the left. On the 
right, the gastrointestinal tract intervenes between the liver and diaphragm, and prolapse occurs 
from the hernial orifice into the thoracic cavity. This is thhought to be responsible for the higher in-
cidence of gastrointestinal symptoms (nausea, vomiting, abdominal pain) and symptoms due to pul-
monary compression (shortness of breath on e仔o此， dyspnea)as compared with herniation on the left 
side. Symptoms discovered during the acute stage were generally corrected by immediate surgery. 
Mild and moderate symptoms that were not identified during the acute stage entered the intermittent 
stage. This stage was characterized by indefinite gastrointestinal symptoms such as epigastric pain 
or symptoms such as dyspnea. The presence of diaphragmatic hernia was confirmed on chest film or 
Table 6 
Time of oneset of delayed diaphragmatic 
hernia and prolapsed organs 
Left side 
5 唱。 20 40 
M y y y y y 




~~~~： 10 0 0 0 00 0 。
Right side 
1 5 10 20 40 












gastrointestinal fluorograms. However, some patients who have diaphragmatic hernia are asymp-
tomatic12l. During the period of occlusion and stran伊 lation,symptoms of gastrointestinal obstruc-
tion occur after the intermittent period, and many cases are detected at this time. In our case, dia-
phragmatic hernia was discovered on examination of a chest film taken when the patient came to the 
hospital because of shortness of breath on effort. Surgeons often encounter conditions associated 
with trauma. There has been a particularly marked increase in the frequency oftra伍caccidents and 
uncomplicated abdominal trauma. The possibility of diaphragmatic hernia should be considered in 
patients with an abnormal shadow on chest films who have recently sustained trauma as well as those 
who have a history of trauma. Interciew of such patients at to the detailed history and course of their 
symptoms may facilitate the early discovery of this condition. 
Concluding Remarks 
We have described our experience with a patient with a right diaphragmatic hernia who pre-
sented with shortness of breath on effort 4 years after blunt trauma. Forty-seven case of delayed dia-
phragmatic hernia reported in Japan between 1981 and 1996 were reviewed along with a discussion 
of the related literature. 
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【症例】 28歳，男性. 1992年9月交通事故により右肋 横隔膜へノレニアの報告例は297例であった．そのうち
骨骨折を伴う右上腹部の鈍的外傷を受けた.1996年8 受傷後 1ヶ月以降に発症した遅発性横隔膜ヘルニアは
月労作時や食後の息切れが出現した．胸部 X-P写真 47f71J （右32例，左15f?IJ）であった 受傷直後はもとよ
およひ消化管造影検査で‘右横隔膜ヘルニアと診断し手 り外傷の既往があり，胸部異常陰影のある患者にIt本
術を施行した．破裂部位は右横隔膜の鍵中心の前方11 疾患を念頭におくことが大切である．
